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APPLIED SC LENCES 


CHARACTERISTICS OF U.S., SOVIET SPY SATELLITES DESCRIBED 
Beijing DIANZI SHIJIE [ELECTRONIC WORLD] in Chinese No 11, 1980 pp 2,3, 30 


\Article by Li Pengfei (2621 7720 7378) and Tong Yin [2717 7299]: "Electronic 
Reconnaissance Satellites--A New Chapter in Espionage" | 


(Text) A Rising Star in Espionage 


Space reconnaissance satellites have been praised by some people as the new 
scout in space but put down by others as spies in tie sky. Opinions can vary 
widely. Nonetheless, whether they are viewed as scouts or spies, the techno- 
logical advances of the past 20 vears are so outstanding that they can justly 
be called the rising stars. 


Espionage is a mysterious profession and has been the subject of many writers 

and the theme of many movies. The film "Silent Man” focuses on the cruelty of 
the spy war. In the reality of today's society, however, the obscure intelli- 
gence activities are increasingly difficult due to stepped-up counterintelligene 
measures. It has been said that all the intelligence coli.cted by the United 
States through its spy channels amounts to a mere 1 percent of its total inteili- 
gence. Besides, the credibility of the information collected is often doubtful 
because the counterespionage war of today has become so complex, intense and 
tricky. 


The intelligence collected by one surveillance satellite in 1 day is more than 

a Spy organization can gather in several years. At the U.S. National Security 
Agency, there are usually tons of information collected by infurmation-gathering 
stations in the sky and on the ground that are waiting to be processed. And 
these intelligence sources are often completely reliable. This goes to show 

the enormous capability of the spy satellites in space. They are indeed writing 
a new chapter in spy history with these unique features: 


-~"Legitimate”™ Spy 


One often hearse that some diplomat has been declared persona non grata by a 
certain country and given a deadline to depart. This type of infamous incident 
is often related to spy activities. in 1960, an American U-2 airplane was shot 


down over the Russian industrial city of Sverdlovsk and became a typical exar 





of a apy plane causing a great deal of political trouble. Reconnaissance 
satellites are different from spy planes. Ever since it was formally recog- 
nized in the Soviet-U.S. SALT I agreement that a country can carry out veri- 
fication using technical means without interference, satellite apy activities 
have gained the status of “international legitimacy." The fact is that a 
satellite in quasicircular orbit at an altitude of 300-500 kilometers and 
capable of in-orbit dynamic maneuver is very difficult to intercept with 
current antisatellite technology. Thus, they are not only legitimate, but 
also safe and reliable sepies. 


~-Fast Surveillance 


Using electronic reconnaissance satellites that revolve around the earth once 
every 90 minutes, the entire globe can be surveyed in about a week. 


--Tireless Scout 


A spy satellite flies around the earth 10 to 20 times every day and can be 

used in carrying out long-term continuous surveillance of important military 
targets. But when there is a spear, there is a shield; countersurveillance also 
comes with surveillance. Based on the orbit parameters of a satellite, it is 
not difficult to judge whether a satellite is a spy satellite and to compute 
its schedule for flying over various regions. Thus, a satellite's reconnais- 
sance effectiveness can be reduced by maintaining radar and radio communication 
silence or by producing fake signals when the satellite is flying overhead so 
that it receives no signal or is cheated. To counter these measures, multiple 
satellites in different orbits can be used so that a location is constantly 
surveved by satellites and the countersurveillance is partially neutralized. 
Along with technological breakthroughs, launching surveillance satellites into 
synchronous orbit is being considered. Countersurveillance measures in the 
future will be even more difficult. 


Surveillance satellites can be divided into photographic surveillance, electronic 
surveillance, ocean monitor and early-warning satellite. They share certain 
similarities. We shall now describe the mission and history of electronic space 
surveillance satellites. 


Armed Witt Electronics 


Among the spy satellites, those equipped with electronic equipment have higher 
seniority and carry heavier responsibilities: 


1. They are used in the accurate determination of the location of antiaircraft 
and antiballistic missile radars and in assessing their signal characteristics 
and action distance. Signal characteristics include the working frequency, the 
pulse width and repetition rate, the rotational speed and beamwidth of the 
antenna. With this information in hand, strategic bombers and other strategic 
weapons, equipped with the proper electronic counterequipment, can then choose 
the most favorable route and penetrate the enemy air defense. 








2. They are used in locating military radio stations, in eavesdropping and 
recording intelligence communications between military units and between gov- 
ernment and military departments. When this information is combined with the 
analysis of other intelligence coliected on the testing, production and ata- 
tioning of military hardware, one would know the long term plane and short 
term intentions of other governments and their armed forces, 


To accomplish these missions, the satellite-borne electronic system consists 
mainiy of a receiver, a terminal device, and a high-speed transmitter. The 
operating procedure in essence is as follows: The receiver intercepts the 
signal and carries out preliminary analysis to determine the location and sig- 
nal characteristics. The processed signals are then fed into the terminal 
device, Due to the stringent weight limitations on satellite-borne equipment, 
terminals on early models of Soviet and American electronic spy satellites con- 
sisted of only a magnetic tape recorder. The signals intercepted were stored 
in the recorder in their entirety without further processing. When the satel- 
lite flew over the ground station, the signals were transmitted to the ground 
by high-speed transmitter for detailed processing and analysis. This schem 
requires a large capacity recorder and a high-speed transmitter so that a large 
number of signals can be transmitted to the ground station in just a few min- 
utes. It is difficult for this method to accomplish the assigned mission when 
the signal density is too high. 





With the development of microprocessor applications, satellite terminals are 
becoming more complex and are now capable of preprocessing all or part of che 
signals detected. The preprocessing may include signal measurement, correla- 
tion process, data reduction, rearrangement and comparison with previous data. 
Only the processed data are sent to the ground station. This has greatly 
helped the single-satellite electronic surveillance method in solving its prob- 
lems of insufficient storage capacity and transmission speed. 


In the multiple-satellite electronic surveillance system, since a network of 
satellites and a number of properly placed ground stations are used, there is 
no need for satellite-borne terminals, and ali the signals detected by the mul- 
tichannel receivers on the satellites can be rebroadcast in real time. In this 
system there are three models of operations: (1) receiving (storage) and rapid 
transmission; (2) receiving, processing and transmitting; and (3) simultaneous 
receiving and transmitting, as shown in Figure 1. 


The performance of a satellite detection system is determined mainly by the 
receiver. Aithough there are similarities between a satellite-borne radar 
receiver and those on the ground, on ships and in aircraft, the satellite 
receiver encounters situations that are much more complex and the requirements 
are correspondingly higher. The requirements are: 


1. Rapid interception of high-density signals. 
For an orbit altitude of 400 km, the instantaneous field of view of a satellite 
is 15 million square kilometers. Assuming there is one radar working in every 


10,000 square kilometers, then the satellite receiver will have 1,500 signals 
to locate, intercept, sort out and process 
































1. Receiving 5. Receiving, storage and rapid transmission 
2. Transmitting 6. Receiving, processing and transmitting 

3. Target 7. Rebroadcasting 

4. Ground station 8. Simultaneous receiving and transmitting 


2. High sensitivity for side lobe detection. 


Ordinary receivers can detect the main lobe radiation of a radar. However, 
since the radar usually operates at a rather small angle of inclination and 
its narrow main lobe is not pointed toward the satellite, the satellite re- 
ceiver has only very limited time to detect such signals and, as a result, 
the accuracy for localization is low and the probability for missing the sig- 
nal is high. It is therefore generally necessary to detect the side lobe 
radiation with long distance receivers, and high sensitivities (on the order 
of 110 dBw) are required to do this. 











3. Reception to many different signals. 


Satellite receivers detect radar signals from all over the world and encounter 
signals at different frequencies from different radar systems. They are 
especially required to handle signals from new types of radars such as fre- 
quency segregation, pulse compression and rapid-change frequency radars. 


4. High degree of accuracy in frequency and location determination. 


To satisfy the requirements of intelligence assessment, the error margin in 
frequency measurement is about 0.2-2.5 percent and the location accuracy should 
be within 50 km. 


The crystal video frequency receivers (direct detection and direct sending) used 
in traditional radar reception have low sensitivity and are not suitable for 
satellite use. Superheterodyne searching receivers are more sensitive and more 
accurate in frequency determination, but their interception probability and abil- 
ity to adapt are too low. Instantaneous-frequency receivers have a higher proba- 
bility for intercepting signals and are capable of detecting radar signals with 
rapidly changing frequency, but they too have the disadvantage of low sensitiv- 
ity. A composite receiver incorporating the superheterodyne and the instantane 
ous-frequency features will greatly improve the performance. 


Among the new receiving systems, the multichannel signal receiver has gained 
some maturity. In this system the signals are processed in many channels 
according to their frequency. The advantages of this type of receiver are 
that they are highly adaptive, they have high interception probability and 
they are accurate in frequency measurement and in localization. Despite their 
disadvantages of bulkiness and complexity, they are still considered the re- 
ceivers of high performance. 


Soviet and American Satellites 


The most intense struggle in the spy war is between the Soviet Union and the 
United States. The spy satellites launched by these two countries in each 
year are listed in the table below: [table on following page] 


[he Soviet Union began launching spy satellites in 1967, and as of December 1979 
had launched a total of 144 satellites. Soviet satellites can ove divided into 
three types: Type I is a 400 kg satellite, ellipsoidal in shape, and, according 
to its mission, flies in 3 different orbits (perigee at 2/0 km and apogee at 


400, 800, and 1,500 km, inclination angle at 71 degrees aid 82 degrees). The 
working life of Soviet Type [I satellite varies with orbit and launch date but 
is in the range of 50-700 days. Some of these satellites also carry out mili- 


tary weather surveillance missions. The Type II Soviet satellite is 900 kg, 
cylindrical, with a quasicircular orbit of 530 km altitude and /4 degrees in- 
‘lination. Several [ype II satellites usually form a network to perform their 
principal duty of eavesdropping on military communications, and their working 
Life is more than 1 year. The third type of Soviet satellite is a giant 2,500 kg 














Table: Electronic Spy Satellites Launched by the Soviet Union and the United 
States in the Last 18 Years* 





Soviet Union United States 





Reconnais- Detailed 





Type I Type II Type III sance surveillance 
Year 400 kg 900 kg 2500 kg Total satellite satellite Total 
1962 - 3 3 
1963 3 2 5 
1964 2 3 5 
1965 3 1 4 
1966 3 2 5 
1967 6 1 ~ 3 1 4 
1968 2 - 9 5 2 7 
1969 10 2 - 12 4 1 5 
1970 ll 3 1 15 3 1 4 
1971 ll 6 1 18 1 1 2 
1972 9 3 2 14 3 - 3 
1973 9 4 1 14 1 - 1 
1974 6 4 1 ll 2 - 2 
1975 5 3 2 10 - - - 
1976 4 5 2 ll 1 - 1 
1977 2 6 3 ll - - 1 [sic] 
1978 - 2 4 6 1 - 1 
1979 - - 6 6 
Totals 80 41 23 144 35 17 52 





*Based on satellite orbit analysis, estimates may not be totally accurate. 


cylindrical satellite with a 630-km quasicircular orbit. The principal use of 
this Type III satellite before 1970 was for military weather surveillance, and 
since then it has been used in electronic reconnaissance as well. Type III has 
fairly good characteristics: it can measure frequency over a wide band, record 
more information and carry out preliminary analysis of the signals detected. 

It is believed that the Type III satellite has now replaced the Type I satellite. 


None of the Soviet electronic spy satellites uses real time data transmission. 
Signals are transmitted rapidly to specific ground stations as the satellite 
flies over the Soviet Union. The peak launching period of Russian satellites 














was from 1970 to 1973, and the frequency decreased after that. One could 
assume that the Soviet Union has completed its preliminary mapping of the 
radar stations around the world, and newly launched sateliites only serve the 
listening function. 


The United States started launching electronic spy satellites earlier than the 
Soviet Union, but has launched a much smaller number of satellites. From 1962 
to 1978, a total of 52 satellites were launched; among them 35 were reconnais- 


sance satellites and 17 were detailed-surveillance satellites. The general- 
surveillance satellite is smaller in size and lighter, carrying relatively 
simple electronic instruments. For example, the typical general-surveillance 
satellite P-11 is octagonal, with dimensions of 89x89x39 cm and weighs 

59-157.5 kg. It is usually put into orbit piggyback on a large photoreconnais- 
sance satellite. There has been a marked reduction in the number launched in 
recent years, generally 1-2 per year. The orbit of this type of satellite is 
not concentrated over a specific region--its mission is to perform broad sur- 
veillance and look for new targets. 


The detailed surveillance satellite is much larger. It is a spherical cylinder 
8 meters long and 1.52 metres in diameter, with a mass of 1,500-2,000 kg. It 
carries more complex and sophisticated electronics and can perform precision 
localization and analysis. However, its launching has been discontinued since 
1972. It is believed that its mission has been transferred to the photorecon- 
naissance satellite called the "Big Bird." 


The peak launching period of American electronic spy satellites was in the late 
1960's. One can ascume that in a few years time they also mapped out the radar 
distribution of the wor'd. It has been reported that the third-generation 
electronic spy satellite of the United States is equipped with computers which 
carry a list of the signal characteristics of radars around the world in its 
memory. As it roams the sky, it is only necessary for it to perform a contin- 
uous signal comparison. Only when signals not in the memory that come from a 
radar of a new type or new location are detected will the satellite automatic- 
ally perform signal analysis and carry out direction and location determination 
with its electronic devices. 


It can be anticipated that the electronic surveillance satellites, the spies in 
the sky, will also enter the era of computer-controlled automatic data process- 
ing. 
9698 
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HOLLOW ©) .JECTILE PROPERTIES, POTENTIALS RESEARCHED 
Beijing BINGGONG XUEBAO /ARMENTARII7 in Chinese No 2, Jun 80 pp 52-41 


[Article by Li Huichang [2621 1920 2490], Yang Jinyao [2799 6855 5069] and 
Qi Rongchang [4359 2837 7022]: "Hollow Projectile Study"] 


[Text] Abstract 
(Received 15 November 1979) 


Hollow projectile, also known as a tube projectile, is basically a thin-walled 
tube. It is characterized by its light-weight, high muzzle velocity and desir- 
able aerodynamic properties. Hence it provides the advantages of lower impulse, 
straighter trajectory, smaller dispersion and excellent penetrating power. 


Based on the previous work of other authors and our recent experimental results, 
this paper deals with the hollow projectile in more detail. Here, its drag 

characteristics, accuracy of dispersion and penetrating power are fully described; 
its gyroscopic stability is compared theoretically with that of a solid projec- 
tile; an approximation method for estimating its drag characteristics is devel- 
oped and, in the conclusion, the authors present their opinions and recommenda- 
tions concerning the potential military applications of this type of pro iv:(tile. 


I. Analysis of Drag Characteristics 


As is well known, a projectile flying in the exterior trajectory is under the 
influence of air resistance. The resistance on a regular supersonic projectile 
consists of three major parts: the wave drag, the base drag, and the frictional 
drag. The first 2 parts amount to more than 80 percent of the total resistance. 
Theoretically, hollow projectiles can eliminate (or greatly reduce) the wave 
drag and the base drag. Since they encounter very little resistance in their 
flight, their aerodynamic characteristics can be substantially improved. 


Since the principles of drag reduction in hollow projectiles have been described 
in detail in the literature (see Ref 1), we will not repeat them here. Instead 

we only show the flight characteristics of an inner-cone type hollow projectile 

(see Figure 1) for the convenience of discussions to follow. If the hollow pro- 
jectile is to have good characteristics in the exterior trajectory, it must fly 

in its high performance region. That is, the ratio of the throat area to the 
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Figure 1. Flight Characteristics of an Inner-Cone Type Hollow Projectile 


Key: 

1. (Throat area)/(inlet area) 4, Deceleration region 
2. Startup region 5. Blockage curve 

3. Startup curve 6. Blockage region 


7. Flight Mach number, M 


inlet area, Ae/A, » at the startup and the flight Mach number M must fall in 
the startup region in Figure 1 and, after the startup, A;,/A, and M should fall 
in the startup region and the deceleration region. 


Experimental investigation of the drag characteristics of hollow projectiles 
can be carried out in two ways: wind tunnel model test and target range Live 
firing test. Experiments yield the following results: 





(1) Wind tunnel experiments have confirmed the fact that inner-cone type hol- 
low projectiles do have "startup" problems. Theoretical values of the minimum 
startup area-ratio (obtained from Figure 1) and experimental results are listed 
in Table I. As can be seen, the experiment and the theory are in agreement. 




















Table I 
a — «e ee ee — 
— Theoretical values Experimental values 
2.0 0.822 0.801~0 .826 
2.5 0.760 0.7600.785 
4.0 0.662 0.65040.677 


A — oe - oe ne ——_ ~ — = — es _- 2 a -_— 


The drag on the wind tunnel mode) during “startup,” as measured by a stress 
balance, shows pronounced jump phenomenon. At M = 2.0 and M = 2.5, the drag 
after the jump is three times the drag before the jump. For ™ = 4.0, it is 








five times. An observation of the ripple pattern reveals tuat the wake is 
different before and after the jump, see Figure 2. Before the jump the wake 

is a supersonic flow and it becomes subsonic after the jump. However, no 
detached bow shock at the inlet of the projectile is observed. Based on an 
analysie of the observations, the jump is probably caused by the complex wave 
systems inside the tube (such as the A\-wave). Admittedly, the actual situation 
of the flows inside the tube is not yet known and further investigacions are 
called for. In addition, the drag of the outer-cone type projectile model 
shows no jump and the absence of the “startup” and the “blockage” problems in 
the outer-cone hollow projectile has been confirmed. 











Figure 2. Schematic Diagram of the Wake of the Hollow Projectile 
Key: (a) Before jump (b) After jump 


(2) Types of projectile body structures. Among the many types of body struc- 
tures of the hollow projectile, there are the inner-cone type, the outer-cone 
type, and the hybride type, as shown in Figure 3. Theoretically the inner-cone 
type hollow projectile can completely eliminate the wave drag and the base drag 
and encounters the minimum air resistance. The outer-cone type of body still 
has some wave drag and base drag, but, due to its very small nose cone angle 
and base area, these drags are very small and the flight resistance is far less 
than the regular projectile. Wind tunnel experiments have shown that the 

drags on the inner-cone and outer-cone hollow projectiles do not differ very 
much (with the inner-cone in its startup condition) for the same nose cone 
angle and area-ratio A;,/A,. Based on the technical, usage and service require- 
ments, we have chosen the outer-cone structure for firing tests. In addition 
to the low drag property, the outer-cone structure has another outstanding ad- 
vantage--at Ar/Ay = 1, it does not suffer from startup and blockage problems, 
as a result, its low drag behavior is not limited to any flight speed and the 
projectile can be used at high speed as well as at low speed. 


fj co 


Figure 3. Types of Projectile Body Structure 


Key: (a) Inner-cone (b) Outer-cone (c) Hybride 
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(3) In comparison to regular projectiles, the air resistances on hollow pro- 
jectiles are greatly reduced, 


in wind tunnel experiments, the drag coefficient of hollow projectiles at 

M= 2.04.0 is measured to be in the 0.,0540,.12 range, approximately 1/51/35 
of the regular projectile value. The values obtained from live firing teats 
are somewhat higher, approximately 0.10~+0.15, or, about 1/3 the value for 
regular projectile, Analysis shows that this difference with the two methods 
Originates from (a) wind tunnel experiments are carried out under the condi- 
tion of zero attack angle while in Live firing there exists a certain amount 
of nutation, and (b) real bullets are rather small in size and product quality 
is hard to control. Especially the thickness of the leading edge, the surface 
smoothness, and the squeeze-in deformation in the bore all have relatively 
large effects. Evidently, with sound estructura’ design and improved manufac- 
ture quality, it is possible to reduce the drag coefficient of the hollow pro- 
jectile to 1/3 the regular projectile value. 


(4) Drag coefficient Cp increases with decreasing area-ratio A; /A, and with 
increasing cone angle «. Wind tunnel test resulte at M = 4.0 are shown in 
Table Ii. 





Table Ll, 

A./A, 0.67 0.60 0.55 0.50 0.45 0.40 0.255 
e (*) 7 o 10 11.5 13 14.5 6 
Gy 0.0447 0.0576 0.0667 0.0771 0.0926 0.1039 0.1435 


(5) The sharpness or bluntness of the projectile's leading edge has extremely 
large effects on the total drag. 


Table Ill shows the firing results of 12.7mm hollow bullets. Results of wind 
tunnel experiments indicate that the additional wave drag coefficient C\.. 
caused by the thickness of the leading edge is directly proportional to 

the relative thickness of the leading, tls (i.e., leading edge thickness/ 
pro,ectile radius). 


Table ill. 
Leading edge thickness t, 
Type of Projectile in om Drag coefficient Cy 
Design I (sharp edge) 0! 0.1109 
Design I (blunt edge) 0.30 0.2570 
' In practice it is not possible to have t = 0, the graph requires it to be 


emallier than 0.10mm. 


li 











(6) The thickness of the sabot (or, the projectile base) also affects the 
drag characteriatics,. 


Results of wind tunnel experiments indicate that the base drag coefficient Cop 
of a hollow projectile is directly proportional to the relative thickness of 
the base, Ap/A, (i.e. projectile base ring area/maximum cross sectional area). 
Il. Approximation Method for Drag Characteristics 

According to Ref (1), the formula for computing the drag coefficient for 
regular cone-cylinder projectiles is given by: 


Com[2. join? e yet wal | wave drag 


) 

of ff... um 7 nee drag 
tars (1 
yy” ) 


fr al (0.07 = ** 
*\ d ( her - () +e : Law ) jira friction drag 


) 
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where M = Mach number 
R_ = Reynolds number using projectile length as the characteristic 
length 
projectile length 
diameter 
half apex angle of the nose cone 
specific heat ratio (take y = 1.4 for air) 
restitution coefficient (generally r = 0.85) 
correction factor for the base drag 


wax ol ae 6S 
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According to our study, the drag characteristics of hollow projectiles can 
be estimated using the following method: 


1. Outer-cone type hollow projectile 


For outer-cone hollow projectiles with a sharp leading edge, the wave drag at 
the nose can still be calculated using the first part of Equation (1) except 
now the frontal area is the projection erea A of the nose cone on the cross 
section of the projectile. 


When the leading edge has a certain thickness, then the additional yove drag, 
Chy, needs to be considered as well. As discussed before, Ciy * t/" . More- 
over, one can expect that Ciy also depends on the circumference of the leading 
edge. Evidently, for the same M and t, Chy is greater for a greater circumfer- 
ence at the leading edge. In preliminary calculations, CAy can be regarded as 
directly proportional to the relative circumference (i.e. leading edge circum- 
ference/ circumference of the largest cross section of the projectile), that 
is, 


12 


























Cow * (4 7 *) (2) 
hence Gh = ky Be 


where d' and d are respectively the inner and outer diameters of the projectile; 
t is the thickness of the leading edge and k, is a proportionality conetant that 
depends on the value of M. The values of k, obtained from wind tunnel experi- 
mente are given in Table IV. 


Table IV. 


M 2.0 2.5 4.0 

ky 4% 5.50 6.85 

In the presence of a constricted tail, the wave drag of the tail should also be 
computed, The windward area of the constricted tail is ite projectional area 
(A-Aj,) on the cross section of the projectile. Thus, one can write the wave 


drag equation of the hollow projectile as: 


0. Seine 
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, 0. Seine Jaan, 4, 0a) 
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) 2 +(z.isinter + iy =5) 4 


Cre =( 2.isin*e + 
where «' is the constriction angle of the tail, as shown in Figure 4. 
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Figure 4. Outer-Cone Type Projectile Body 


Because of the existence of internal flows, the base drag of the hollow projec- 
tile ie much smaller than that of solid projectiles. Hence, the second term in 
Equation (1) is no longer valid. As mentioned before, the base drag coefficient 
of the hollow projectile is proportional to the relative area of the base, or, 


A 
C. #=k» °b (4) 
Db AC 


in which k» is a proportionality constant dependent on the value of M. Values 
of ko as obtained from wind tunnel experiments are given in Tabie \V. 


Table V. 


M 2.0 2.5 4.0 
K» 0.102 0.154 0.214 
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The frictional drag of a hollow projectile can also be computed according to 
the third term in Equation (1). Since we now have both the inner frictional 
surface and the outer frictional surface, we include a factor of 2 in the 
approximation: 


Co= Al( ot - ey /(1 +r 75 my” (6) 


In the calculation of hollow projectile drag characteristics using Equations 
(3)-(5), a number of secondary factors are neglected, such as the nutation in 
the flight. In the approximate calculation, one can use an approximate magni- 
fication factor (say, 1.10) to take these secondary factors into account col- 
lectively. We then obtain the following formalism for the drag coefficient of 
the hollow projectile: 


+ (2. tsinte’ + + oe 454 
Sr eee eee ae 


in which M = Mach number 


Re = Reynolds number, using the projectile length as the characteristic 
length 
A = area of the cross sectional ring of the projectile 


Seo sae + ous ) 
0 


= area of the base ring 

A, = maximum cross sectional area (reference area) 
d = projectile diameter 

d‘'= inner diameter 

& = projectile length 

t = thickness of the nose cone leading edge 
e = half apex angle of the nose cone 

e'= constriction angle of the tail 

r= restitution coefficient 

y = specific heat ratio 

k;, ko = proportionality constants 


2. Inner-cone type hollow projectile 


Inner-cone type hollow projectile (Figure 3a) does not have wave drag at the 
nose or base drag. In the meantime, since there is no constricted tail, wave 
drag at the tail also vanishes. If the leading edge at the nose has a certain 
thickness, then the additional wave drag Chw still exists and can be computed 
according to Equation (2). The only difference is that the leading edge now is 
situated on the outer circle of the projectile and d' in Equation (2) should be 
replaced by d: 


ly 

















Cy = k t/d (7) 


Frictional drag can still be calculated using Equation (5). 


Thus, the formaliem for the drag coefficient of the inner-cone hollow projec- 
tile can be written as: 


vole fa BEL 0.074 _ 1700) Y=) a 
Co 1.10) | d het he /() » 7 4 i") (8) 


in which the meanings of nota ions are the same as those given for Equation (6). 
lil. Analysis of the Gyroscopic Stability 


The gyroscopic stability of a spinning projectile can be evaluated with the 

aid of the gyroscopic stability factor &. The projectile is unstable if 

0 «< & «< 1; the projectile is stable if b >» 1 and the greater the S,, the more 
stable it is. Ref (2) gives the formula for the gyroscopic stability factor: 


sow 


tod-v- Cue _ 


where I. = polar moment of inertia 
| = equitorial moment of inertia 
w * spin angular velocity 
= coefficient of static stability 
0 @* density of air 
v = flight speed of the projectile 
d = diameter of the projectile 


For fixed 0, d, v, and w, the value of Sp, is determined by Oy, and 15/ly. 

The value of Cy, is different for a hollow projectile and for a solid projec- 
tile, but we have not investigated its rule of change. We shall now compare 
the gyroscopic stability of a hollow projectile to that of a regular projec- 
tile based on their difference in 12/1 only. In our analysis, we approximate 
the regular projectile as a solid cylinder and the hollow projectile as a hollow 
cylinder, see Figure 5. 








Figure 5. Hollow Cylinder 

















For a solid cylinder, we have 
=” ‘ 
i, »* 
/, ~ (ately 


1 “("* n*) /* GK+P) = x 


in which m is the mase of the solid cylinder. 
For a hollow cylinder, we have 
n= ORM) 


it = * (aR + or’ +l) 





where the mass of the hollow cylinder m' is given by m'=(t-r?/R?)m. 


The value of ‘i, is given by 


f, : { cee ey) / . (38° + ar°+ 1") ~ 


and the ratio of the two is equal to 


‘dee 
ee 


gm (R= r")( Ree) 
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Figure 6 shows the variation of the value of k with respect to r?/R?. 


it _ O18) 





Figure 6. Variation of k as a Function of the Area Ratio r*/R* 
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difficulties of cartridge loading in the shaping process, it is very hard to 
insure the symmetry of the shaped bullet and defects such as the non-coaxiality 
of the inner hole and the outer circle and the deviation of the center of masse 
are present. According to Ref (1), the dispersion accuracy of hollow bullets 
is very sensitive to the slight variations in geometric parameters. The poor 
dispersion accuracy in designs I, and II is therefore understandable. 


(2) Accuracy of projectile guidance in the bore 


In designs III and IV, control processed 802A is used for the body material 
that has a hardness (HRC 24 28) comparable to the hardness of the ballistic 
gun barrel. An inspection of the recovered bullets shows that the rifle knurls 
are indistinct and the male thread nicks are wider than the male threads of the 
barrel. This indicates that correct guidance in the bore is not achieved, or, 
at least there is relative sliding in the guidance process. As a result, the 
projectiles cannot achieve the designed rotational speed and the flight stabil- 
ity is reduced. More importantly, the consistency of the rotational speed from 
round to round is poor and accuracy in dispersion is therefore seriously 
jeopardized. 


(3) Initial interference effects (due to the explosive gas after effect and 
the disengagement interference) 


In the testing experiments, we used base structures made of steel. Because the 
tightness between the body and the base cannot be easily controlled, after the 
bullet leaves the barrel, the base separates from the body not at the same 
time, speed and condition. This also affects the dispersion accuracy of the 
bullets. In designs I~IV, the base weight constitutes a relatively large 
fraction of the total weight (see Table VIII), and the effects are even greater. 


Table VIII. (in percent) 

Design I II, Ii IV V 
Base-to-body weight ratio 22.4 20.0 12.5 5.5 

As far as propellant power is concerned, we did not make any specific investiga- 
tion but simply used what was available. Due to the poor combustion stability, 
the interference of the explosive gas after-effect is relatively large. Since 
the body weights in designs I~IV are relatively light, the after-effect 
influence is large. 

(4) Deformation of the projectile body in the bore 

When the projectile body strength is inadequate, deformation resulting from 


the acceleration in the bore also affects the dispersion accuracy. This is 
the cause for design I, to have a poorer dispersion accuracy than design V. 
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Table VI. 
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Key: 
l. Design 
2. Features 
3. Sketch of the design 
4. Material 
5. Mass, in grams 
6. Projectile body 
7. Projectile base 
8. Copper plated surface 
9. Controlled process 
10. Steel 
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Actually, r*/R* is the area ratio of. the hollow projectile. As can be seen 
from Figure 6, when the area ratio r’/R* is less than 0.618, k is greater 
than 1 and the gyroscopic otabiiity of the hollow projectile is better than 
that of a solid projectile. When r?/R? is greater than 0.618, k is less than 
1 and the hollow projectile is not as stable as a solid projectile. At 

r*/R? = 0,333, k = Kmax ™ 1.185 and the hollow projectile is most stable. 





It is well known that the gyroscopic stability has important effects on the 
dispersion accuracy of the projectile: this is especially true for flat tra- 
jectories where the "follow" is negligible. Generally speaking, the better 
the gyroscopic stability, the higher the dispersion accuracy. Thus, k is an 
important factor affecting the dispersion accuracy of the projectile and 
should be given proper consideration in the structural design. 


IV. Dispersion Accuracy 


The major structural design used in the dispersion accuracy tests for hollow 
projectiles are given in Table VI. 


The results of dispersion tests show that design I, has relatively good dis- 
persion accuracy, comparable to that of regular projectiles; design V has the 
best performance and its dispersion is only one-half that of regular projec- 
tiles (see Table VII). All other designs have rather poor dispersion 
characteristics. 








Table VII. 

Type of Projectile Distance (m) Reo (cm) Ri go em Remarks 

Design V 410 8.9 16.1 Model 56 ballistic gun 
was seriously worn 

7.62 mm regular 410 17.2 43.6 Model 56 ballistic gun 

bullet for model 56 was seriously worn 

Design Ly 300 8.0 17.0 

12./mm penetrating- 

combustive bullet 300 8.1 16.8 


for model 54 
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Based on the experimental results, we now analyze the major factors that have 
effects on the dispersion accuracy of hollow projectiles. 


(1) Manufacture errors of the bullet (especially the asymmetry in shape and 
deviation of the center of mass) 


in design Ly and design Ll, $5CrMnSiA is used as the body material. The pro- 
jectile is formed, heat processed, copper plated and finally surface shaped. 
A certain amount of deformation is resulted from the heat process. Due to 





(5) The value of k also affects the dispersion accuracy 


The reason that design V has good dispersion accuracy is because of its satis- 
factory solution of the problems mentioned above. Using No 20 steel as the 
body material leads to satisfaccory guidance in the bore. Since the projec- 
tile is formed in one step, the machining error is small. Since the body is 
relatively heavy, the interference due to the explosive gas after-effect and 
the base disengagement is small. The thick projectile body insures adequate 
strength and the value k = 1.173 is close to the kmax value. The only factor 
not favorable for a higher dispersion accuracy is its relatively large length- 
to-diameter ratio A. A proper reduction of its \ value is expected to decrease 
the dispersion even more. 


Based on the analysis of the experimental results, we believe that, with rigor- 
ous design, the dispersion accuracy of hollow projectiles can be made better 
than that of the regular projectiles. 

V. Penetration Effects 


The experimental results obtained in some of the designed structures are sum- 
marized in the following two tables. 


Table IX. Penetration in Steel-Wood Composite Target (Target consists of 
layers of 25mm thick redwood boards placed behind a 2mm 45 steel 








plate) 
Type of projectile Kinetic energy Penetration depth into the 
(in kg-m) at impact wooden boards P (in mm) 
7.62mm light ammunition 150~“200 
for model 53 / (Projectile nose shell) 


7.62mm regular ammunition 200250 (Steel core) 
model 56 131 200~250 


Design II 120 250~300 





Table X. Penetration Through Steel Plates 





Minimum kinetic energy 





Type of projectile Steel plate (in kg*m) for penetration 
7.62mm regular bullet 

for model 56 aD Ae = 
Design II 7mm A3 86 
Design V 7mm A3 94 
7.62mm regular bullet 

for model 56 2.3mm As ” 
Design II 2.5mm A3 20 
12.7mm penetrating-combustive 

bullet for model 54 a = oe 
Design I 2 15mm 2] 890 
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In addition, we have made observations on projectiles fired into loose targets 
such as rice bran. When thin-walled, high hardness bullets are fired into the 
rice bran, the body breaks up into fragments. No fragmentation is observed on 
thick-walled high strength bullets; the projectile body is found to be filled 
with extremely dense and hard rice bran. 


We can see from the experimental results presented above that the penetration 

of hollow projectiles is better than that of regular projectiles for thin 

steel plates, soft steel plates, composite and loose targets. In the penetra- 
tion of steel plates, the hollow projectile requires only about one-half the 
l}inetic energy of a regular projectile. Moreover, the large hole and the debris 
generated in the process are favorable for increasing the killing effects. For 
hard steel plate targets, the hollow projectiles are not favored because the 
thin-walled hollow structure shatters badly in the penetration process and loses 
a great amount of kinetic energy. 





VI. Analysis of the Potential Ammunition Applications 


As described above, hollow projectiles possess some superior characteristics. 
Their military application, as revealed in experimental investigations, still 
has a number of technical problems to be resolved. 


1. The dilemma of interior and exterior trajectories 


Under normal circumstances, the projectile form factor of a hollow projectile 
is rather small, about one-third or less that of the regular projectile of a 
similar model. But since the reduction in body mass in the mean time is even 
greater, the ballistic coefficient increases, .!e speed maintaining ability in 
the exterior trajectory decreases, and the long-range ballistic capabilities 
are adversely affected. If we were tw increase the projectile body mass, then 
the interior ballistic parameters would invariably be affected and the result- 
ing low muzzle velocity would prevent the unique features of this type of pro- 
jectiles from showing up. Therefore, the projectile shape, weight and other 
interior and exterior ballistic parameters must all be taken into account in 
the design and rational choices would have to be made according to the actual 
requirements of the various types of ammunition. 


The dilemma of the range and the power of rifles and machine guns is still a 
controversial question. If the conviction of reducing the effective range and 
improving the short range killing effect is valid, then the hollow structure 
would be more favorable. 


2. Manufacture and technical problems 


The unique features of the hollow projectile are more pronounced when the area- 
ratio is large and the drag reduction is good. In choosing an area-ratio, one 
needs to consider not only the interior and exterior ballistic requirements 
mentioned above but also the requirements placed on the projectile body 
strength. Experiments indicate that the strength requirement of a /7.62mm 
projectile is satisfied when we use an area-ratio of 0.7 and use 35CrMnSiA 
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as the body material. However, copper plating is necessary here in order to 
insure the proper guidance in the bore. This not only involves complex tech- 
niques but the product quality is also difficult to guarantee. In other 
words, the ballistic properties (especially the dispersion accuracy) may be 
compromised. With an appropriately decreased area-ratio, regular low-carbon 
steel can be used as the body material. In our experimental studies we have 
used No 20 steel to form the projectile body (designs I}, and V), the projec- 
tile engages into the rifle lines in the bore directly and the results are 
satisfactory. We suggest that further investigations should be made and, in 
the future, impact extrusion techniques may be used in forming the projectile 
and this should simplify the manufacture process and reduce the production 
costs. 


3. Problems associated with handling and service 


After the hollow projectile leaves the muzzle, the projectile base separates 
from the body due to the air resistance. The separated base continues to fly 
for a certain distance; for the steel base of a 7.62mm caliber hollow projec- 
tile, the distance is about 25-50 m. Since the base does not follow any fixed 
path, it has a fairly large spread and can pose a certain threat to friendly 
neighbor troops. Moreover, the sharp leading edges can easily be damaged in 
the process of packing, loading, and servicing. Those problems should be re- 
solved along the lines of using alternative base material (e.g. plastics) and 
better structural design. 


In summary, we have reached the preliminary conclusion that hollow projectile 
is a potential new type of projectile which is worthy of further research, 
especially as a light ammunition for rifles and machine guns. 

Results of this study can also serve as references for investigations on large 
caliber hollow (tube-type) and antitank projectiles. 
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[Text] Abstract 
(Received 7 September 1979) 


The strength analysis (especially the elastoplastic analysis) of projectiles 
on firing is one of the problems to be solved in projectile design. It is 
discussed in this paper with finite element method. A computer model for high 
explosive antitank (HEAT) projectile is discussed and calculations are made 
with an axisymmetric elastoplastic program. The results obtained are analyzed 
and compared with the data of live firings. 


I. Introduction 


When a projectile is being fired, it is under the action of a variety of loads. 
To insure the correct motion of the projectile in the bore and to avoid serious 
premature burst incidents under extreme conditions, the projectile must have 
adequate strength. However, since the projectile is only good for one firing, 
excessive strength reserve is not only meaningless but may also have adverse 
effects on the fulfillment of other strategic and technical conditions. There- 
fore, accurate analysis of the stress deformation of the projectile and other 
components is a vital part «{ the projectile design. 


Due to the irregularity of the projectile shape and the complexity of the loads 
it experiences (see Figure 1), analytical methods can no longer solve this type 
of problem. In this paper, we have tried using the finite element method in 
solving the problem. We first performed elastic analysis under low bore pres 
sure for a certain high explosive antitank (HEAT) projectile and obtained pre- 
liminary results; then we investigated the finite element plastic analysis for 


this projectile under high bore pressure and carried out elastop!astic computa- 
tion with an axisymmetric computer program. Calculated results are compared 
with the experimental data obtained in about 60 live firings. As a whole the 


comparison is relatively ciose. 
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Figure 1. Loads Acting on the Projectile 


Key: 

l. Load 4. Linear inertial force 

2. Rifle reaction force 5. Rotational inertia force 
3. Explosive gas pressure p 6. Time 


Il. Some Explanations 

In this paper we used the increment method analysis described in Refs (2) and 
(3). The meanings of the notations used here are the same as those in Ref (3) 
unless stated otherwise. 

1. About the Weighting Coefficient 


In order to increase the accuracy of computation, we used the weighted average 
in forming the average elastoplasticity matrix (DJs 





(D.) =m (D.] + {l-m) (D.,] (1) 
where m is the weighting coefficient, given by 
H, -6 H, ,-@ 
ae i - imi . _i-! - -i-) (2) 
os ies aad 


where Ao, is temporarily an unknown quantity, it is generally obtained in the 
first estimation of treating the transition region elements as elastic; then, 
the computed results are used to improve the value of ho, and after two or 

three successive substitutions a relatively accurate value of m can be obtained. 


2h, 

















2. About the value of H' 


For the high strength alloy materiale describable by the following power law 
curve 


n 
0 
= + ee 
Ee 0 } 00.2(- (3) 
where n is the plasticity index (usually from 3 to 30) determined by the 


material property and 69 7 is equivalent to the stress value on the o-« curve 
where the tangent slop is 0.7E, the corresponding H' value is 


we 2 (2:2) - (4) 


3. About the residual value 


The meaning and computation method of the residual value in this paper are the 
same as that described in Ref (4). 


Ill. Model Analysis and Treatment of Boundary Conditions 


Figure 2 shows the loads on the projectile under firing condition. Explosive 
gas pressure p exerts on the rear of the projectile. In a smooth-bore gun the 
explosive gas leaks forward through the gap between the cylindrical projectile 
body and the bore. Following the usual practice, we assume the pressure dis- 
tribution on the cylindrical part of the projectile to be linear, decreasing 
from p to zero!. The projectile accelerates in the bore under the push of the 
axial component of the explosive gas pressure. In order to carry out elasto- 
plastic analysis on the projectile, d'Alembert's principle is needed in con- 
verting the dynamic problem into a static problem. 


rr 
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Figure 2. Loads on a HEAT Projectile Under Firing Condition 





Since our main interest is in the analysis of the elastoplastic deformation of 
projectile body, we have singled out the body and substituted the explosive 
er, the fuse, the tail pipe and the tail fin by their corresponding external 
forces. The simplified calculation model for the projectile body is shown in 
Figure 3. 
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Figure 3. Model of the Projectile Body Used in Elastoplastic Calculations 
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The following are the major considerations in this model; 


1, The projectile body material is taken to be cold-worked high quality low- 
carbon steel, According to untaxial tensile measurements made on the sample, 
the o-e curve can be approximated by the power-low hardening curve given by 
Equation (3). We used the following material data in our calculations: 


plasticity index n = 3, 

elastic modulus £ = 2x10° kg/cm’, 
Poisson's ratio yw = 0.3, 

specific gravity 6 = 7.81 g/cm’, 
conditional yield limit o = 4000 kg/cm’. 


2. Since the explosive is regarded to have direct influence on the stress 
deformation of the body, we have included the explosive in our model but 
neglected the small effects of other components. The effect of the explosive 
cover is reduced to an external force. 


We treat the explosive as an ideal continuum of elastic medium and assume there 
is no relative sliding at the boundary of the explosive and the projectile body. 
The characteristic data of the explosive used in our calculation are as follows: 


elastic modulus E_ = 1.3 x 10"kg/cm’, 
Poisson's ratio * 0.35, 
specific gravity a° 1.6 g/cm’. 


3. In addition to the explosive gas pressure p, there are also the following 
loads: 


The tail pipe exerts an axial force Fo on the rear end face of the projectile. 
The value of Fp can be computed from the following equation: 


Ré 
Fo = pr? (% - *) (5) 
q R 


where p is the explosive gas pressure, R is the projectile radius, q is the 
projectile total weight, 4. is the weight of the tail pipe and R. is the radius 
of the tail pipe. 


The explosive cover exerts an inertial force Q on the explosive. Assuming Q 
exerts a uniform pressure perpendicular to the surface of the conical hole 
surface, its value is taken to be 





. “qG2 
: nd> (6. 


where qo is the weight of the explosive cover, d is the diameter of the conical 
hole and the overload coefficient n is given by prP?/q. 
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In addition, there is also the axial inertial force F acting on each element 
of the projectile and the explosive, 


FF, 7 94, (7) 





where 4, is the element weight of the projectile body or the explosive. 
4. Treatment of boundary displacement condition 


In the axial symmetry problem of the finite element computation, in order to 
prevent the rigid body movement under structural deformation, the axial motion 
of at least one point must be constrained. In our calculation the bottom sur- 
face of the projectile is constrained. F» then becomes the constraint reaction 
force and needs not be treated as a known input to the computer program. 


IV. Sample Calculation and Block Diagram of the Program 


Sample calculation: Consider the elastoplastic analysis of a thick-walled 
cylinder experiencing an internal pressure. For the following given conditions: 


internal pressure q. = 2388 kg/cm’, 
elastic modulus E 2.1 x 10 jes? 


yield limit o, = 2500 kg/ 
inner diameter a = 2 cm, 
outer diameter b = 4 cm, 
cylinder length 1 = 0.5 cm, 


the calculation results are shown in Table I. 


Table I. Circular Stress 6, (kg/cm?) at R = 2.075cm 








Elastic Plastic Total Total plas- 
stage stage plastic tic critical Residual 
ao = 589 qo = 1619 condition load stress 
Finite element 
so lution 931 1448 1029 2059 -1989 
Classical 
solution 927 1384 993 2003 








Sr 


The flow chart of the main program is shown on the next page. 
V. Calculation Results and Analysis 


In our calculation, we have chosen 382 nodal points and divided the projectile 
body and the emp lecive into 609 triangular prismatic elements. Under a static 
pressure of 500 kg/com*, the displacement, stress, strain and residual deforma- 
tion are computed at various locations of the projectile body and the explosive. 
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Flow Diagram of the Main Program 
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Key to Flow Chart: 

L. Original input data 

2. Calculate the address and total Length of the principal diagonal elements 
of the rigidity matrix 

3. Processing and remarks 

5. Output of relevant original data 

5. Discrimination of transition elements 
(Transition elements are elements satisfying the conditions 


O.., < Hy and o, > Hy _)) 


6. Discrimination of elastoplastic elements 

7 Form the complete rigidity matrix 

8. Decision for total elastic calculation 

9. Substitute into boundary displacement condition 

LO. Form the load vector 
ll. Solve the linear algebraic equations 

12. Calculate the element's strain, stress, equivalent plastic deformation, and 

equivalent stress 

13. Decide whether to do pure elastic calculation 

14. Detect whether weighted average has had 2-3 successive substitutions 
>». Find Gmax, calculate A{R) 

16. Detect whether loading is complete 
17. Perform residual value calculation after unloading 

18. Stop 


In view of the nature of the d‘Alembert's method, we paid special attention to 
the consistency of the entire load data. The values of the projectile weight, 
the explosive weight and the overload coefficient are all generated automatic- 
ally in the computation and they are not fed into the computation from the out- 
side as original data. By doing so, we kept the axial load in precise equili- 
brium and thus avoided the relatively large errors of local stress and strain 
at the constraint point due to a transfer of unbalanced force to the constraint 
point. 





1. Displacement and residual deformation 


Figure 4 shows the overall displacement at various nodal points after the pro- 
jectile body is elastoplastically deformed under the loads described above. 
For the purpose of clarity, the depicted displacement values are magnified 
iany times. 


The deformation of the projectile under the action of the explosive gaseous 
nreesure (i.e., the displacement at various points) generally amounts to a 
slight elongation in the axial direction and, at the tail are portion under 

the direct gaseous pressure, there is a radial compression. The maximum defor- 
matior cure at node 246 on the inner surface, that is, 80 mm trom the projec- 
tile bottom surface (excluding screw threads). This result is in agreement 
with that obtained e semiclassical (LaPlace) formula and it is also con- 


sistent ith i eerimentally measured value. 





- omn | 
= ih iA 
* Ee a sare en ' 
7 


y > eg ~~, ie va 


Figure 4. Deformation of the Projectile Body 


Key: 1. Before deformation 2. After deformation 


Under the conditions of p = 500 kg/cm* and o, = 4000 kg/cm’, the body material 
begins to yield and the residual deformation is relatively small. The residual 
radial displacement of the outer surface of the tail arc is shown in Figure 5. 


As can be seen, the maximum residual deformation also occurs at a distance 80 mm 
from the bottom surface 





Figure 5. Radial Residual Deformation of the Outer Surface at the Tail Arc 


Table II shows the total displacement and residual displacement of some nodal 
points in the region of maximum displacement (as shown in Figure 6). 








Figure 6. Some Selected Elements and Nodes 


Key: 1. Numbers such as 26/7, 266 «++««+. refer to elements and circled 
numbers such as refer to nodes. 
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Stress 


Figure 7 depicts the distribution curve of the equivalent stress o at the 
inner surface of the cylindrical part and the tail arc of the projectile body. 


The maximum equivalent stress occurs at element 322: o 


= 4418 kg/cm’, 


when 6, = -798 kg/cm*, o, = -115 kg/cm’, og = -4834 kg/cm’ and tyr = -4.8 kg/cm’. 


The stress values of some elements in the maximum stress area are shown in Table 
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Stresses at the interior of the explosive are far less than those at the pro- 
jectile body. This is because the explosive has a mich smaller elastic modu- 
lus than the body. For example, element 400 at the bottom of the explosive 
has aco = 69 kg/cm’. 


3. Comparison of calculated results and experiments 


The dynamic measurement of the projectile under firing conditions is a very 
complex task, especially under high bore pressure. Currently, the principal 
method uses live firing in which the firing strength of the projectile is 
evaluated and inspected by measuring the residual radial deformation at a 

few specific cross sections on the recovered projectile. Since there are 
many random factors in this type of measurement, there may be fairly large 
scattering in the data even under identical conditions of firing. Thus, it 
is only meaningful to compare the calculated results with such experimental 
data on a statistical basis. Here we have taken the statistical average of 

a large number (about 60) firings and the strength evaluation obtained in these 
live firings is then compared with the calculated results. The comparison is 
shown in Table IV. 


Table IV, 





Residual deformation of the outer surface at a distance of 80 mm from the 
projective bottom surface 





Measured value in live firing Computed value using finite 
element method 
-0.00995cm -0.00808 cm 
(Statistical average of 60 firings) (Corresponding to the results after 


two successive substitutions of 
the weighted coefficient m. 





Relative error 18.7 percent 





VI. Conclusions 


Based on the analysis and the computation results described above, one can see 
that the calculated stress distribution and the deformation of the projectile 
are both resesonable and compare favorably with the experimental data. 


In our calculation the explosive is treated as a continuum of an elastic 
medium. Actually the explosive charge in the projectile is press-formed from 
crystalline grains of explosive material; it is perhaps more appropriate to 
treat it as a visco-elastic medium. 


It should be pointed out that there are technical problems in measuring tie 
projectile deformation under firing. Since there are relatively large errors 
in the deformation values measured in the live ammunition firings, more mean- 
ingful comparisons will have to be made with more accurate experimental data 
in order to judge the validity of the finite element elastoplastic analysis. 
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LIFE SCIENCES 


NEW CANCER INJECTION DRUG FOUND SUCCESSFUL 
Shanghai JIEFANG RIBAO in Chinese 3 Dec 80 p 1 


[Text] A new effective anticancer injection drug--anaerobic Clostridium claviformis 
vaccine--has been successfully made by the Scientific Research Cooperative Group 
organized by the Shanghai Institute of Biological Products, Municipal Hospital 

No 3, Municipal Tumor Hospital, Municipal Chest Hospital, and others. Its treat- 
ment effect is obvious. Yesterday, scientific and medical researchers of 52 
organizations came from eight provinces and cities to attend the meeting on tech- 
nical certification of the anticancer injection drug. Clinical application of this 
anticancer injection drug in 17 organizations of the region of Shanghai on 364 
patients with more than 20 diseases, including late stage lung cancer and 
rhinopharnygeal cancer, indicates that it can prolong the survival period and sur- 
vival rate of tumor patients and has the advantages of being safe and producing good 
effects. Shanghai People’s Hospital No 3 used it to treat 51 cases of malignant 
hydrothorax caused by metastasis of lung cancer and other forms of cancer by 
injecting the drug into the pleural cavity. The effect was obvious in 96 percent 
of the patients. Of these,48 patients had not had chemotherapy and were injected 
with the drug one to four times, and the hydrothorax receded in 85 percent. One 

of them was suffering from maligant lymphoma and had had a total of 30,000 milli- 
liters of chest fluid pumped out on more than 30 occasions. After he was injected 
with the drug, the chest fluid was immediately controlled and absorbed. The Tumor 
Hos’ {tal used the drug in combination with the cryosurgery technique. Of the 37 
patients thus treated, clinical examinations found 30 percent no longer suffering 
from tumors, and in 60 percent of them the tumors had shrunk to half the original 
size, the tumor growth had been suppressed and the condition of the disease had 
been stabilized. 


The Ministry of Public Health, leaders and scientific researchers from other 
provinces and cities believe this drug and related researci: work are very important 
in the treatment of tumors. The Shanghai Institute of Biological Products, which 
is responsible for producing this vaccine in this city, is trying hard to develop 
all its potential to start official production of this drug as soon as possible in 
order to meet the needs of medical treatment units and patients. 
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BRIEFS 


DRUG PRICE READJUSTMENT--According to JIANKANG BAO [HEALTH NEWS] the Ministry 

of Finance, the State Bureau of Prices, and the State Bureau of Pharmaceuticals 
Management have issued a joint announcement adjusting the prices of 268 drugs 
nationwide. The prices of 156 drugs are reduced, and those of 112 drugs are 
appropriately raised. The new prices are to be implemented as follows: The 
factory prices and the wholesale prices are applicable on 10 November and tie 
retail prices on 10 December. In some areas, due to the late arrival of documents, 
the adjustment of the sale prices may be delayed, but the new prices must become 
effective before the end of the current year. According to the tables provided by 
the department in charge, the current price indexes for drugs show a reduction of 
more than 80 percent compared with the early years after liberation. The principle 
of this adjustment is to maintain stability of the market prices of drugs and to 
reduce the average drug prices. Among the adjusted items, the prices of most common 
drugs are reduced, with a relatively large reduction in retail prices. For example, 
the price of 250,000 unit sugar-coated tetracycline tablets is reduced from 5 fen 
[100 fen to a yuan] to 3.5 fen each, that of Anacin tablets from 2.5 fen to 2 fen, 
those of phenyramidol and Santoninum tablets from 2 fen and 2.5 fen to 1.3 fen 

and 1.8 fen respectively. The increase in the prices of the items scheduled for 

a price increase is not very great. The overall price readjustment amounts to a 
net reduction of about 10 percent. [Text] [Beijing GUANGMING RIBAO in Chinese 

31 Dec 80 p 1] 6248 


SEMISYNTHESIZED DRUG FOR LEUKEMIA--A semisynthesized Cephalotaxinine certi/ ication 
conference was held by the Ministry of Public Health 9-12 December 1980 at the 
Hainan Island Troop 187 Hospital. The conference studied the clinical treatment 
condition of 172 cases of leukemia using this drug and concluded tat the treatment 
eftect of this drug is basically the same as that of natural Cephalotaxinine. [It 
is a relatively good new drug for treating acute nonlympiocytic leukemia (cancer 

of the blood). On the basis of confirmed clinical effectiveness of natural 
Cephalotaxinine, the ineffective residue of Hainan Cephalotaxus hainanensis after 
Cephalotaxinine has been extracted is used as the raw material to carry out arti- 
ficial semisynthesis in order to produce semisynthesized Cephalotaxinine in a 


chemical procedure. As Cephalotaxinine is limited by the plant resource, the 
Institute of Pharmacology of the Chinese Academy of Sciences began to carry out the 
semisynthesis research in 19/3 in order to meet the clinical demand for this drug. 
The project was first successfully completed in June 1975. Since then, the 187 
Hospital, Shanghai Pharmaceutical Plant No 12, Wuhan College of Medicine Hospital 


No 1, and 10 other organizations joined forces with the Institute of Pharmacology 








to carry out chemical, pharmacological, clinical, and test production studies 

and success was achieved in all cases. The certification conference regards this 
type of production procedure for semisynthesized drugs as feasible and it may be 
expanded and extended in the future. [Text] [Beijing GUANGMING RIBAO in Chinese 


31 Dec 80 p 1) 6248 
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AUTHORs Jichunhe Jiyan [transliteration of Japanese name | 

ORG: Xiaoyantian | transliteration of Japanese name | Cement Company 
TITLEs “Experiment With Burning Pulverized Coal in RSP System" 
SOURCE: Beijing SHUINI [CEMENT] in Chinese No 1, 10 Jan 81 pp 10-12 


ABSTRACT: In 1974-75 and in 1977, the Tianyuan [transliteration of Japanese name | 
Experimental Plant of Xiaoyantian Company carried out 3 experiments on burning 
pulverized coal in order to determine the basic data for eddy current furnace de- 
sign, the number and the positions of jet nogzles, and characteristics of coal. 
During the experiment, the eddy current furnace was coal fired tut the kiln was 
oil fired; this was due to the fact that there had been experience about coal 
fired kiln and experiment was no longer necessary. Compared with oil, coal burns 
Slower while the decomposi*ion reaction of the raw material absorbs a large quan- 
tity of heat to cause the temperature to drop quickly and to further reduce the 
burning speed of coal. The paper concludes that burning coal in the RSP system 
remains possible to succeed. Reasons are given to support the conclusion. The 
first coal-fired RSP process line will be placed in operation in the USA in the 


spring of 1980, This paper is translated from Ja by LA Huapu [0812 5478 
3877 of Liuzhou Cement Plant (Guangxi Province. | 


AUTHORs WO Zhenhua [5012 2182 5478 
TIAN Qingfang (39+ 1987 5364) 


ORGs None 


TITLEs “Experiment on The Use of Low Silicon Clay to Produce Superior Quality 
Silicate Cement" 


SOURCE: Beijing SHUINI [CEMENT] in Chinese No 1, 10 Jan 81 pp 36-41 


ABSTRACT: The major mineral in silicate clinker is CS + CS. For the purpose of 
improving the strength of clinker, while causing it forgé normally in the kiln, 
there must be sufficient CaO in the chemical composition of the clinker and also 
sufficient S10, (20-22 percent) to react with CaO, and at the same time the silicate 
rate in the clinker must be controlled in a proper range (n =2.0 - 2.1.) For this 
reason, the silicate rate in the clay raw material should be 2.7 - 3.5 percent. If 
the silicate rate is lower than this (2.0 - 2.7 or lower) silicon material (sand- 
stone or silt) must be used to correct the deficiency, For the purpose of resolv- 
ing the source of materials for the cement industry, the authors carried out a se- 
ries of experiments on using clay of low silicon content to produce superior quality 


silicate clinker by adjusting the raw material design, controlling the production 
process, etc. These experiments are reported. 
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AUTHORs W Chunxuan [7120 4783 3551] 


ORGs Senior Engineer, Institute of Cement, Research Academy of Construction Ma- 
terials 


TITLE: "Present Condition and Future Prospect of Research, Manufacture, and Ex- 
tension of Lining Materials for Cement Kilns" 


SOURCE: Beijing SHUINI [CEMENTL IN Chinese No 2, 10 Feb 81 pp 2-8, 14 


ABSTRACT: In the past, the useful life of the lining materials of cement kilns 

vas very short in China, less than 1/8 of that of West Germany and less than 1/5 

of that of Japan, and only 1/3 of that of the USSR, Unit consumption of bricks 

vas therefore high, 5 times of that of West Germany and 1.5 times that of the USSR. 
Special research team was organized to tackle this problem. Domestic production 
agencies and resources for refractories joined forces to produce 4 types materials 
suitable as kiln lining materials for different temperature zones, including phos- 
phate bound aluminum brick, phosphate bound aluminum abrasion resistant brick, so- 
dium polyphosphate bound magnesium brick, and sodium silicate bound magnesium brick. 
Extension of these materials has begun in 1978, and 6000-7000 tons of magnesium- 
chromium bricks and sodium silicate bricks, and 10,000-11,000 tons of phosphate 
bricks have been delivered to the various large and medium cement plants and the 
useful life of lining materials have begun to be close to the 1974 level of the 
USSR. The processes of research, manufacture, and extension of these lining ma- 
terials are reported. 


AUTHOR: None 

ORG: Jiangshan Cement Plant 

TITLE: "Test Use of Magnesium Bricks in the Firing Zone of the Rotary Kiln" 
SOURCE: Beijing SHUINI [CEMENT] in Chinese No 2, 10 Feb 81 pp 9-11 


ABSTRACT: Under the direction of the Research Academy of Construction Materials 
and with considerable help from Shenyang Municipal Refractory Material Plant, 6.49m 
and 5.98m of sodium polyphosphate magnesium bricks, sodium silicate esium bricks, 
magnesium chromium and magnesium aluminum bricks were laid in the 2 @3 x 88.65 wet 
method rotary kilns of Jiangshan Cement Plant. New records of useful life at the 
plant was thus created. This paper reports the economic efficiency of magnesium 
bricks, the technique of applying them and testing them, and the essential techni- 
cal processes in using magnesium bricks. The paper also proposes, based upon the 
experience of the plant, that magnesium bricks should be laid to about 8 m in the 
firing zone; in the cooling zone, phosphate bricks are more abrasion resistant; 

the transition zone should be laid entirely with phosphate bricks; heat insulating 
bricks are best for the decomposition zone; the preheat zone should be laid with 
Clay bricks. 
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AUTHOR: YU Zhenxian (0205 2182 0341) 

ORG) Shuicheng Cement Plant 

TITLE: “Bffect of Titanium-containing Slag on the Strength cf Cement" 
SOURCE: Beijing SHUTNI [CEMENT] in Chinese No 2, 10 Feb 81 pp 24-27 


ABSTRACT: For a long time, Shuicheng Cement Plant has been using slag of the blast 
furnace of Shuicheng Iron and Steel Mill as the mixing material. That mill re- 
ceives iron ores from many suppliers, and some times the iron ore contains titaniun,. 
For this reason, the titanium content of the slag fluctuates a great deal. When 
the mill uses ordinary iron ores, the T10, content of the slag is less than 1 per- 
cent; with titanium-containing iron ores, the Ti0, content is 12-14 percent. This 
paper reports various studies on the effects of the titanium content of the slag 

on the strength of the cement. It appears that the major influence is on the rate 
of increase of the strength of the cement, the influence is especially serious on 
the rate of increase from 7th to 28the day to cause the compression strength and 


the tensile strength to be lower than the cement using ordinary slag. Detailed 
data are presented. 
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Coal Science 


AUTHOR: CAO Jianye [2580 0256 2814] 
ORG Taiyuan Research Institute, Academy of Coal Sciences 


TITLE: “Some Aspects of the Mechanization of Drivage in Coal and Coal-Rock 
Headings in China" 


SOURCE: Beijing MEITAN KEXUE JISHU [COAL SCIENCE AND TECHNOLOGY] in Chinese No 1, 
1981 pp 8-10 


TEXT OF ENGLISH ABSTRACT: The author points out that the development of a medium- 
size heading machine is necessary in China. Such a machine with a boring-type 
cutter head and electrohydraulic-driven crawler is more adaptable. A description 
is also given of the type of back-up system, dust suppression, sizes of headings, 
types of supports and support material used. The author concludes that in order 
to increase productivity and lower operational costs, the heading machine must 
include cutting, loading, hauling and supporting systems with water spraying dust 
suppression, a gas alarm system, laser guidance, etc. 


AUTHOR: WANG Xianglin [3769 4382 7792) 
ZHAO Hongzhu [6392 1347 3796] 


ORG: None 


TITLE: “Simple Explanation of the Rock Pressure Phenomenon in Coal Face Using 
Powered Supports and Hydraulic Props” 


SOURCE: Beijing MEITAN DEXUE JISHU [COAL SCIENCE AND TECHNOLOGY] in Chinese No 1, 
(981 pp 10-15 


TEXT OF ENGLISH ABSTRACT: The rock pressure phenomenon in a coal face with powered 
supports and hydraulic props is different because of the difference between working 
patterns, working loads, advance rate and adaptability to various geological con- 
ditions. However, the same values occur in the following: 1) the length between 
powered supports and caving area; 2) proportion between top subsidence and distance 
to coal face, seam height, and advance rate. In addition, different values occur 

in the following: 1) top subsidence; 2) working load distributions; 3) the stability 
of inmediate roof and 4) pressure of support on roof and floor. 











AUTHOR: ZHANG Hongxun [1728 1347 0534) 
ORGs shenyang Coal Mine Design and Research Inet itute 
PITLEs "Leakage and Overcurrent Protection of Coal Mine 6 KV Electrical Network" 


SOURCE: beijing MEITAN KEXUE JISHU [COAL SCIENCE AND TECHNOLOGY] in Chinese No 1, 
1981 pp 27-32 


TEXT OF ENGLISH ABSTRACT: According to the investigation of leakage protect ion 

in the transformer substation of Shuangyashan and Fushun Coal Mine Administrations, 
detailed analysis is given to the status and various breakdowns of a 6 KV network. 
A Chinese safety limit is put forward dealing with foreign conditions, including 
the safety Limit of electrical shock and gas explosion. Ways of improving tech~- 
nical specifications for China-made equipment are described, Finally, detailed 
discussion is given to overcurrent protection, setting and coordination of 6 K\ 
vereurrent protection, coordination of overcurrent and low-voltage prot ect ion 

and operation source, 


AUTHOR: GAO Guilin [7559 2710 2651] 
LIAN Wei [1670 3837] 


ORG: GAO of the Supply Bureau, Ministry of Coal Industry; LIAN of the Design 
and Management Bureau, Ministry of Coal Industry 


TITLEs "Hoisting Wire Rope in Coal Mines and Their Opt imum Select ion" 


OURCE: Beijing MEITAN KEXUE JISHU [COAL SCIENC® AND TECHNOLOGY) in Chinese No l, 


ia OF ENGLISH A Nal 3 Upt imum selection of ho) ing, wire rope ’ Coal mines 

eanineful for satety operation of mines, economic operation of quipment and 
lowering coal prices. In this paper a detailed description is given to correct 
he selection of wire rope for inclined and vertical shafts and shaft sinking 
hoisting, analyzing the construction of wire rope. 





AUTHOR: ZHU Renyi [2612 0088 6095] 
JIAO Chuanwu [3542 0278 2976) 


ORGs Both of the Beijing Exploitation Institute, Inatitute of Coal Sciences 


TITLE: "“Caleulating Movement and Deformation of Arbitrary Points with 
Rectangular Checker Network after Mining Inclined Seam (Part 1)" 


SOURCE: Beijing MEITAN KEXUE JISHU [COAL SCIENCE AND TECHNOLOGY] in Chinese No 1, 
1981 pp 40-45 


TEXT OF ENGLISH ABSTRACT: In this paper principles and methods of applying a 
rectangular checker are given for ca’culating surface movement and deformation of 
building, railway and pipeline facilities in arbitrary locations of surface sub- 
sidence trough. Using this method all data can be calculated for an arbitrary 
point in a surface subsidence trough, including subsidence, inclination, curva- 
ture, horizontal movement and deformation, etc. This method is adaptable not only 
for the calculation of a regular coal face, but also for that of an irregular coal 
fact. In addition, i. is simpler for horizontal seam conditions. 
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Oceanology 


AUTHOR: HE Chengshun (0149 2110 7311) 
ZHOU Kaifu [0719 7030 1381] 
ZHANG Guanxi [1728 6034 1585) 


ORGt All of the South China Sea Institute of Oceanology, Chinese Academy of 
Sciences 


TITLE: “The Determination of Mercury at ppt Level in Seawater by the Enrichment 
with Sulfhydryl Cotton and Cold Vapor Atomic Absorption Method" 


SOURCE: Beijing HAIYANG YU HUZHAO [OCEANOLOGIA ET LIMNOLOGIA SINICA) in Chinese 
Vol 12 No 1, 1981 pp 33-40 


TEXT OF ENGLISH ABSTRACT: In this paper a simple and sensitive method for the 
determination of organic and inorganic mercury at ppt levels in seawater is de- 
seribed, 


The present method utilizes sulfhydryl cotton to enrich organic and inorganic 
mercury in the seawater, The enriched organic mercury was first eluted with 10 per- 
cent NaCl + IN HCl (Cor 2N HCl) and the inorganic mercury was eluted with 6N HCl 
saturated with sodium chloride. The eluted organic and inorganic mercury was de- 
termined by the cold vapor atomic absorption method. Due to the simplicity of the 
apparatus and the convenience of operation, it is available for operation on board 
ship. 


(Continuation of HAITYANG YU HUZHAO Vol 12 No 1, 1981 pp 33-40) 


The precision of the above method is rather high. The relative standard deviation 
for 20 ne/l of organic mercury is 6.4 percent and for 15 ng/l of inorganic mercury 
.s 6.6 percent. The recovery percentage of methyl-mercury is about 80-100 percent 
and of inorganic mercury is about 96-110 percent. In comparison of this enrichment 
of sulfhydryl cotton and cold vapor atomic absorption method with reduct ion- 
aeration preconcentration at ordinary temperatures, the same results are obtained, 
The sensitivity of determination reaches 1 ng Hg/l when 1 liter of seawater sample 
is used for analysis. 
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AUTHOR: ZHANG Tianfu [1728 3240 0154) 
GU Tangxiu [0657 1016 4423) 
XU Xianyi [1776 6343 5030) 





ORG 1 All of the Institute of Oceanology, Chinese Academy of Sciences 
TITLE: "Determination of Nitrates and Nitrites in Seawater by Gas Chromat ography"* 


SOURCE: Beijing HATYANG YU HUZHAO [OCEANOLOGIA ET LIMNOLOGIA SINICA) in Chinese 
Vol 12 No 1, 1981 pp 49-52 


TEXT OF ENGLISH ABSTRACT: A simple, sensitive method is presented for the determi- 
nation of nitrates and nitrites in seawater. The principle of the method is that 
aqueous nitrate ion is converted to nitrobenzene by reaction with benzene in the 
presence of a catalyst. Nitrobenzene is then quantitated by Electron Capture Gas 
Chromatography (GC-ECD). The interference of chloride is prevented by using 
saturated silver sulfate. The detection limit for nitrobenzene is ca. 10°°* g@. 


*Contribution No 592 from the Institute of Oceanology, Chinese Academy of Sciences, 


AUTHOR: LIU Mingxing [0491 2494 2502] 
GU Hongkan [7357 1547 1030] 


ORG: Both of the Institute of Oceanology, Chinese Academy of Sciences 


TITLE: "The Concentrations of Some Trace Metal lons in Interstitial Waters from 
the East China Sea"* 


SOURCE: Beijing HAIYANG YU HUZHAO [OCEANOLOGIA ET LIMNOLOGIA SINICA] in Chinese 
Vol 12 No 1, 1981 pp 53-60 


TEXT OF ENGLISH ABSTRACT: The concentrations of Zn, Cu, Pb, Cd, Sn and Bi ions 
in interstitial waters from the East China Sea have been measured. 


The “antiadsorption physical coating mercury film electrode inverse polarography 
system" was used for the measurement. The “dilution method" was used to obtain 
the interstitial water. 


The concentrations of the above ions in the interstitial waters are about two to 
six times higher than those in the seawater. The high ion contents are in the 
muds in which the Eh was negative and the pH was around 7.6. The low ion contents 
are in the sand. Obviously, it was caused by decomposition of bio-organic matter 
in mud, and the low pH and negative Eh transfer the Zn, Cu, Pb, Cd, Sn and Bi into 
the interstitial water. 


*Cont ribution No 593 from the Institute of Oceanology, Chinese Academy of Sciences. 
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AUTHOR: WU Baoren [0702 5508 0088) 
ORG t Shandong College of Oceanology 
TITLE: "A Digital Sea Surface Thermometer" 


SOURCE: Beijing HAIYANG YU HUZHAO [OCEANOLOGIA ET LIMNOLOGIA SINICA] in Chinese 
Vol 12 No 1, 1981 pp 67-73 


TEXT OF ENGLISH ABSTRACT: The measurement of sea surface temperature is a funda- 
mental work for remote sensing. The temperature of water under the surface with 

a depth of 0,3 = 1 cm can be measured with this instrument--the digital sea surface 
thermometer. The sensor of the instrument looks like a float. Each temperature 
value is converted into a frequency signal with a linear relationship. The surface 
temperature value is shown on the digital display with MOS medium scale integration. 
Measuring range is 0-30°C, accuracy is 0.1%, resolution is 0.1%, 
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Oil Geophysical Prospect ing 


AUTHOR: LIU Songwei [0491 7313 1218) 
ORG 1 None 
TITLE: “The Review of Seismic Exploration of the Western Part of Huabei Basin" 


SOURCE: Baoding SHIYOU DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 
No lL, 1981 pp 1-17 


TEXT OF ENGLISH ABSTRACT: The western part of Huabei Basin is one of the oil and 
gas regions in China. Seismic exploration has played an important role in the 
discovery of various oil] and gas traps. So far, there has been a high degree of 
exploration in the sedimentary depressions where seismic methods are best appli- 
cable. However, in recent years the prospecting effect has shown a manifest 
tendency to gradually decline year-by-year. Therefore, it is a matter of concern 
to many how to do seismic surveys in this area in the future. 


This paper, based on a summing-up of past experiences, is an attempt to describe 
the normal seismic exploratory process for a dustpan shape depression, and points 


out the main technique which should be adopted to improve the quality of seismic 
data to be gathered, processed and interpreted, 


AUTHOR: XU Zhongying [1776 0022 5391] 
ORG: None 
TITLE: "Direct and Inverse Methods for Seismic Waves in a Layered Medium" : 


SOURCE: Baoding SHIYOU DIQIUWULI KANTAN (OIL GEOPHYSICAL PROSPECTING] in Chinese 
No 1, 1981 pp 18-26 


TEXT OF ENGLISH ABSTRACT: Direct and inverse methods are applied to the typical 
model of structure in the eastern part of the Sichuan Basin. The results show that 
the direct method is helpful in understanding the character of seismic waves from 
complicated structures, while the inverse may restore the structure to its true 
position which cannot correctly be restored by using conventional migration (in- 
cluding diffraction and wave equation migration), so that a true form of the struc- 
ture may be obtained. 

















AUTHOR: SHAO Youying [6730 1635 5391] 


ORGS None 


PATLEs "Detecting Stratigraphic Parameters by the Sign-bit--Velocity Analysis 
ot Multi Layer! ed M 


OURCks Baoding ‘U DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 
No ly i981 pp 24 m4. 


TEXT OF ENGLISH ABSTRACT: The method of employing the DIX formula to get the 
interval velocity trom the spectrum of horizontally stacking velocity is only 
applicable to a horizontal layered medium. A new method must be sought for the 
layered medium with an arbitrary dip. This paper presents the velocity analysis 
method for a multilayered medium, which can be used to scan the two-dimensional dip 
and velocity in the depth domain in accordance with the layer-by-layer recursion 
formula derived from CDP time-distance curve equation of the dip formations of a 
wo-dimensional arbitrary plane. Then, the sign=-bit can be detected by using a 


‘everalizged Likelihood method in order to get the velocity, dip and depth for each 
Layer. 


AUTHOR: WANG Qingyuan [3769 3237 3293] 
CHEN Shou [7115 7445 8590] 


ORG: None 
Es “Electric Spark Coded Source" 


OURCE: Baoding SHTYOU DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 


Ll, iY Dp 45 ; 


Xi ft ENG IT Al RACT $3 [he coded source is 4 new yurce whi tired wi 
given coded time eries. it allows the arbitrary increase oft effort or decrease 
the distance between CDP so as to obtain a seismogram with a higher S/N ratio. 
ie electric spark source has a high rate of repeatability and accurate firing time, 
hence, it is a desirable coded source. The coded source can be used not only in 
( nore sSsurverv, ul (i180 in OtTi.-snoTre survey. 
t! paper, we tind d Cul e method u 1 to make he time eries tor the 


our » and put rwartd tour kinds of time series which can be easily 





AUTHOR: CHAI Yupu [2693 3768 3877] 
ORG) None 
WE "The Method for Determining the Depth of Basement by Gravity Anomalies" 


SOURCE: Baoding SHIYOU DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 
No 1, 1981 pp 55-63 


TEXT OF ENGLISH ABSTRACT: Based on the basic theory of gravity field, we derive 
the density interface function which expresses the basement relief. This paper 

is a study of the relationship between the density of overlaying sediments and 
depth variation. We also provide the equivalent residual density formula and con- 
clude the the formula for calculating basement depth from gravity anomalies. The 
method was used for calculating the gravity anomalies in the Baiyangdian area and 
the results conform to observed curves, 


AUTHOR: LI Musun [2621 3092 1327] 
FEI Zhenyu [6316 7201 1342] 


ORG: None 
TITLE: "Correlation Comb Filter for Aeroelectrometer" 


SOURCE: Baoding SHIYOU DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 
No 1, 1981 pp 64-74 


TEXT OF ENGLISH ABSTRACT: The comb filter designed for the model M-1 pulse type 
aeroelectrometer is an appropriate tool for noise suppression. It may be used 
for reference in other geological equipment. This paper mainly discusses the 
principles of the comb filter, and shows its calculating formula and details the 
design circuit as well, 











AUTHOR: WANG Chengshu [3769 2110 2562] 
ORGS None 
TITLE: “The Calculation for Deconvolution of Minimum Entropy" 


SOURCE: Baoding SHIYOU DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 


TEXT OF ENGLISH ABSTRACT: In this paper, we further discuss the minimum entropy 


method, provide the calculating formula and FORTRAN program, and give an example 
to show where to pay attention during calculation, 


AUTHOR: ZHAO Shangwu [6392 1424 2976] 
ORG: None 
TITLE: "Spatial Correction Method in Surface Relief Area" 


SOURCE: Baoding SHIYOU DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 
No i, 1981 pp 81-86 


TEXT OF ENGLISH ABSTRACT: The spatial correction method in the c. se of the relief 
datum plane is described in this paper. 
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AUTHOR: WU Jianguo [6762 1696 0948) 
YIN Bajin [3009 0360 2443] 


ORG! None 
TITLE: “Color Display Technique for Seismic Section" 


SOURCE: Baoding SHIYOU DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 
No 1, 1981 pp 87-95 


TEXT OF ENGLISH ABSTRACT: The color display of seismic data is of great signifi- 
cance, as is well known. But how is the color display realized on our equipment 
used? This paper offers a scheme for its implementation: in respect to hardware, 
we have designed four circuit boards and a device which can change color filters 
automatically; in respect to software, we have made three programs and due modifica- 
tion of the GS-3410 plotting program used in the 1704 computer. The scheme provides 
14 color codes and displays 9 kinds of cross sections, such as bright spot, interval 
velocity, pseudo velocity log and instantaneous information, etc. 


AUTHOR: ZHOU Shizhong [0719 0013 1813] 
ORG: None 
TITLEs "A Layout Chart of Slalom Lines" 


SOURCE: Baoding SHIYOU DIQIUWULI KANTAN [OIL GEOPHYSICAL PROSPECTING] in Chinese 
No 1, 1981 pp 96-97 


TEXT OF ENGLISH ABSTRACT: The layout chart of the slalom line presented in this 
paper can predict the spread of reflection points and control the quality of the 
field operation. 
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Printing Technology 


AUTHORs WO Guqin [5012 6253 0615] 
WAN Deda (8001 1795 sen’ 


ORGs Both of Jiangxi Printing Company 
TITLEs "Some Reforms of the Plastic Plate Making Process" 


SOURCEs Beijing YINSHUA JISHU | PRINTING TECHNOLOGY] in Chinese No 2, 80 pp 19-22 


ABSTRACTs The thin relief block one-side rotary printing press has not been used 
in Jiangxi Printing Company for very long, the equipment for making the plastic 
plates is not complete. Originally, the plate had to be nailed onto a wooden board 
to be worked on a flat engraving machine. Later, a vacuum pump was used instead to 
overcome the defect of having to nail the plate on a board, but the plate still had 
to be curved before it could go on the printing press, and there was no curving 
tool. The authors had to heat the plate in 60°C warm water before curving the plate 
on a curving mold made by themselves and cooling it on the mold. Although this 
process had lots of problems, the quality of the plastic plate was guaranteed. Af- 
ter repeated studies, it was decided to install a vacuum curved plate absorbing 
device on a roller to curve the plate and engrave it at the same time. The pre-« 
heating process was thus omitted. These improvements are described. 


AUTHORs KANG Zhenguo [1660 2182 0946] 
ORGs Zibo Printing Press, Shandong Province 


TITLE: "A Quarto Automatic Paper Feeding Machine Made by [the Workers] of the 
Printing Press Themselves" 


SOURCEs Beijing YINSHUA JISHU [PRINTING TECHNOLOGY] in Chinese No 2, 80 p 27 


ABSTRACTs The authors and colleagues at the press tried to raise the level of au- 
tomation of the printing process. After more than a year's efforts and with the 
assistance of other organizations, they made a quarto automatic paper feeding ma- 
chine, which had been tested for several months to make certain its proper-opera- 
tion. It has now been officially used and the condition of manual feeding of paper 
at the plant has been changed. The technical specifications of the machine and a 
photo depicting its appearance are included. 
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AUTHORs DONG Lianguan [5576 1670 603%] 

ORGs Hangzhou Municipal Research Institute of Chemical Mngineering 

TITLE: "Development of Printing Ink in China Since the Liberation" 

SOURCE: Beijing YINSHUA JISHU [PRINTING TECHNOLOGY] in Chinese No 2, 80 p 45 


ABSTRACTs Before the liberation, there was no printing ink industry in China, ex- 
cept for some scattered small shops. Today, the country has 30 large and small 
printing ink plants with an annual production of close to 20,000 tons of various 
types of printing ink, about 4 percent for resin printing and 30 percent for lead 
printing. The larger of these are located in Tianjin, Shanghai, Hangzhou, Gangu, 
etc. The history of development of the printing ink industry in China may be di- 
vided into 3 stages of 10 years each. In the first decade after the liberation, 
the emphasis, just like other industries, was on adjusting the ownership system, 
and the products consisted of primarily oil type ink, using vegetable oil and pig- 
ment as the raw materials. The use of resin for ink -making began around 1960. The 
second stage of development wes launched by the Ministry of light Industry which 
organized the technological resouces of all the plants and brought them to Tianjin 
Printing Ink Plant to carry out the research on making resin ink. In the early 70°s, 
the Beijing RENMIN RIBAO inported from Japan several rotary printing presses with 

a speed of 25,000 rotations/hour to print 4 colors in one operation. In the summer 
of 1973, the Ministry of Light Industry once again order®d research to proceed on 
making ink for the rotary presses to start Ghe tAird stage of China's development 
of printing ink. 





AUTHOR: LI Shanwu [2621 6365 2976] 
ORG: None 


TITLE: "Some Viewpoints Regarding Problems of Standardization in the Printing 
Industry" 


SOURCE: Beijing YINSHUA JISHU [PRINTING TECHNOLOGY] in Chinese No 2, 80 pp 58-59, 
yy 


ABSTRACT: In the document CONCERNING FOMULATION OF STANDARDIZED MANAGEMENT PROCE- 
DURES IN PHOPLE'S REPUBLIC OF CHINA, the State Council mentioned that “standardiza- 
tion is an important measure for organizing modernized mass production..." This 
paper explains that technical standard is the basis upon which the quality of pro- 
ducts is to be measured. For this reason, every work process of the printing in- 
dustry should have a standard. Without standardization of all the work processes 
there can be no modernization. According to statistics, by 1977, the state had 

i sued 1810 standards and on the ministry level, more than 10,000 standards had 
been issued. In the printing industry, however, there was only one, Document GB788- 
65 defining the sizes of books, magazines, etc. In the printing industry, there is 
also a lack of understanding regarding standardization, although some local areas 
have formated some quality standards for printed matters. This paper d‘scusses 
the aspects of the printing industry for which standards are urgently needed at 
present and for which the state and the ministries are expected to issue or approve 
the standards. 
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[Continuation of TAIYANG NENG XUEBAO No 2, 1980 pp 124-131] 


measured, Under Low temperature conditions, the electrical conductivity of 
GD-aSity decreases as the temperature decreases, and is a function of the recipro- 
cal of the temperature. The curve may be divided into three regions: activated 
(with the activated energy about 0,66 - 0,73 eV), weakly activated and non-activated 
processes. Under high temperature conditions, the electrical conductivity in- 
creases while the temperature increases. The relationship between the temperature 
and the conductivity is nonlinear. This fact indicates that electronic transfer 
within GD-aSitty is brought about by the hopping transport mechanism. Photocon- 
ductivity can be demonstrated by the Rp/R; value (Rps the dark resistivity, 

Rus the light resistivity), At low temperatures, when T = 293-193 K, (Rp/R))).7.38 
(Rp/Ri psp. 10, when T< 193 K, Rp/Ry decreases progressively until Rp is equal to 
Ri. At high temperatures, the Rp/R,, value decreases as the temperature increases. 
When the temperature is higher than 373 K, Rp@R;. 
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SOURCE: Beijing TATYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No 2, 1980 pp 132-139 


TEXT OF ENGLISH ABSTRACT: A n-@ chart was obtained based on analyzing the optic 
principle of FMSC theoretically and discussing the design method in this paper. 
The n-6 chart can be used to determine the number and location of every mirror 
surface, It simplifies calculation for a FMSC design and may be helpful in further 
Studying FMSC. 


66 








AUTHOR: BIL Zhiehu [3968 0662 0443) 
Li Yushu (2621 3768 2579] 
LIU Zhenghui (2692 2973 6540] 
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TITLEs "A Study of the Transparent Electrode Photo-~Galvano-Voltaic Cell" 


OURCEs Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No Zo LYRU pp 140-147 


EXT OF ENGLISH ABSTRACT: A simple photo-galvano-voltaic cell has been constructed 
by using a Nesa glass coated with SnO9 on both sides as transparent electrodes, 
one of which is further coated with a photosensitizing dyestuff, meso-t et rapheny |! 
porphrin (TPP), forming the photo-cathode, and using an aqueous solution of thio- 
line and Fet?**/Fet* redox couple as the electrolytic solution, By adding a sur- 
factant, Na Lauryl sulfate, into the solution, the surface resistance of the IPI 
film is greatly lowered so that the photocurrent of the cell is markedly enhanced, 
id the Light conversion efficiency is increased more than twofold, It has been 
emonstrated that a multilayer Liquid film photo-galvano-voltaic cell with film 
hickne of less than 100s can greatly increase the light conversion efficiency, 
and the open-circuit voltage of more than two volts can be easily achieved, 
Several properties, especially the semiconducting characters of the TPP coating 
material, have been shown by analyzing the action spectrum, the I-V characterist) 
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curve, and the photoresponse light intensity dependency of this photo-gaiva 
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Sciences 


TITLE: “The Principle and Experimental Research of Variable-Speed Constant - 
Frequency Constant -Voltage Generator Using Field Modulation" 


SOURCE: Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA) in Chinese 
No 2, 1980 pp 148-155 


TEXT OF ENGLISH ABSTRACT: The field modulated generator system is a new variable- 
speed constant -frequency generating equipment. It is a specially designed three- 
phase high frequency alternator. Using the principle of field modulation and 
demodulated technique of electronics, a constant frequency output independent of 
the speed of the prime-mover is obtained, This paper describes the principle of 
operation of this generator system, analyzes component parts of the system, 
presents experimental results of a 4 KW prototype and discusses its applications. 
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TITLEs “An Analysis of Steady State Heat Transfer for a Conical Focusing Solar 
Energy Collector” 


SOURCE: Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No 2, 1980 pp 156-165 


TEX! OF ENGLISH ABSTRACT: A detailed analysis of steady state heat transfer is 
made in this paper for a conical focusing solar energy collector with a cylindrical 
glass cover around the absorber. The equilibrium temperature under various con- 
ditions has been calculated using a computer. The influence of the diameter of 
the absorber, wind speed and the emissivity of the absorber surface on the equi- 
librium temperature have been discussed, The calculation shows that using the 
selective coating and the cylindrical glass cover both are effective means to 
improve the thermal performance of the collector. The cylindrical glass cover 
can also make the collector work more steadily. A design of a solar autoclave 
based on this analysis will be available for the rural areas in China which have 
plenty of sunlight but are lacking in fuel, 
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EXT OF ENGLISH ABSTRACTs in this paper, based on the relat ionship of energy 


alance a © interface of a transparent body, the energy diminution of the solar 
idiatio passing through a Lransparent body has been calculated and a method for 


t the tra ittance of the transparent bodies is given, It can be used 
Alculating the transmittance of a transparent body system which 1 composed of 
various different mediums. tor the purpose of analysis, it can also be used to 
ict the int lue es of the various tactors. 
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TITLE: “The Optical Properties of Materials for Spectral-Selective Coatings" 


SOURCE: Beijing TATYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No 2, 1980 pp 181-188 


TEXT OF ENGLISH ABSTRACT: There are three main possibilities for the application 
of solar energy: photo-thermal conversion, photovoltaic conversion and photo- 
chemical conversion. Therefore, photo-collection plays an important role in solar 
energy application technology. Research on the interrelation between solar radia- 
tion and substances, exploration of methods for increasing photo-collective ef- 
ficiency as well as development of new optical-collective materials are important 
for solar energy application, 


At present, the design and study of spectral selective coatings by use of optical 
interference filters are very interesting. These optical-collective coatings 
consist basically of a stack of one or more layers of alternately high and Low 
refractive indices. Appropriate choice of refractive index, layer thicknesses and 
number of layers permits the development of advanced spectral-selective coatings. 


In order to design the useful optical-collective coatings, it is necessary to use 


[Continuation of TAIYANG NENG XUEBAO No 2, 1980 pp 181-188] 


a lot of materials which have different indices of refraction. We have done the 
following: (1) Among the important optical parameters of more than 180 AB type 
compounds, the indices of refraction of different materials are reviewed; (2) The 
principles in the change of refractive index of materials are discussed with 
respect to chemical bond parameters; (3) The magnitude of refractive indices of 
some interesting materials is predicted, 


70 





AUTHOR: CUI Rongqiang [1508 1369 1730] 
QIN Hullan [4440 5610 5695] 


ORG! Both of Xian Jiaotong University 
TITLE: "An Investigation of the Texture Surface Silicon Solar Cell" 


SOURCE: Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No 2, 1980 pp 189-196 


TEXT OF ENGLISH ABSTRACT: This paper analyzes and discusses the optical and 
electrical properties of the texture surface silicon solar cell. A new method 


of etching by LiOH is presented, and a preliminary discussion of the etching 
mechanism is carried out. 
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SOURCE: Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No 2, 1980 pp 197-204 


TEXT OF ENGLISH ABSTRACT: This paper deals with the principle c_ focusing, design 
formula, focal size calculation and its optimal design method for the flat plate 
Fresnel lens optically. The focal size has been calculated under both ideal 
parallel light and natural sunlight conditions respectively. The results from 
natural sunlight approximately equal the measured ones. 
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SOURCE: Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No 2, 1980 pp 205-213 


TEXT OF ENGLISH ABSTRACT: The heat performance of three black paints is studied 

in this paper. It is shown by the results of the test under low temperature con- 
ditions that the efficiency of the flat-plate solar collector is mainly dependent 
on the absorbancy of the collector coating. Therefore, we suggest that it is not 
necessary to use selective coating for the collector in heating water up to 70°C, 
Using nonluminous black paint is better than selective coating. 


AUTHOR: CHENG Shuxia [4453 2562 7209] 
GE Xinshi [5514 2450 4258] 


ORG: Both of the Department of Engineering Thermophysics, University of 
Science and Technology of China 
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SOURCE: Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No 2, 1980 pp 214-220 


TEXT OF ENGLISH ABSTRACT: A new technique for measuring the intensity of solar 
radiation is presented, It consists of measuring the heating and cooling rate of 
the receiver of the instruments with and without radiation incidence respectively. 
The experimental apparatus is described and the theoretical analyses of the tech- 
nique and the measured results are given. 
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i®XT OF ENGLISH ABSTRACT: This paper discusses the radiation characteristics of 
building with diffuse transparent glazing. By using 
the radiation characteristics 
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TITLE: "The Transparency of the Atmosphere over China and Its Computation" 


SOURCE: Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No ly, 1981 pp 13-22 


TEXT OF ENGLISH ABSTRACT: The seasonal distribution of the transparency of the 
atmosphere over China has been analyzed, especially with a view to facilitate 

sOlar energy engineering. All noon-time solar radiation observations are converted 
to values for air-mass M = 2 for contrast. The method of computing is described. 
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TEXT OF ENGLISH ABSTRACT: Based on experimental study, the mathematical model of 
a solar water heating system with natural circulation was discussed and selected. 
Using the mathematical model chosen, a computer analysis of some design factors 
has been conducted, The conclusions obtained indicate that the collector ef- 
ficiency is the main factor influencing the system thermal performance and, 
relatively speaking, the geometric factors, such as the height difference be- 
tween the collector and water tank, the height/diameter ratio of the tank and 

the size of the flow pipes, etc., do not largely influence the system performance 
under their reasonable arrangement. This analysis will provide some useful 
references for solar thermosyphon water heating system design. 
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SOURCE: Beijing TAIYANG NENG XUEBAO [ACTA ENERGIAE SOLARIS SINICA] in Chinese 
No 1, 1981 pp 33-38 


TEX? OF ENGLISH ABSTRACT: In view of the technical economy, this paper makes an 
anaiysis of the heat loss component between the plate and covers of the medium and 
low temperature type collectors. Analysis indicates that, as a first choice, using 
the seleclLing coating to reduce radiation loss is reasonable, When the selecting 
absorbing ratio of the plate is greater than a certain value, we must direct our 
attention to reducing the convection loss. When the collector hasa plate tempera- 
ture less than 85°, the reasonable range of absorbing ratio is not greater than 10. 
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TEXT OF ENGLISH ABSTRACT: This paper discusses the principle of the concentrating 
property of the spherical reflector, derives the light energy distributing func- 
tion, and gives the design of the heat energy receiver, 
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TEXT OF ENGLISH ABSTRACT: This paper derives and discusses the fundamental 
(ormulas for diverging and parallel light of Fresnel-type lenses. We have made 
two such lenses, 
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TEXT OF ENGLISH ABSTRACT: This paper is concerned with the problem of the radia- 
tion heat transfer in a coverglass-absorber system, which is of great importance 
in the use of solar energy and in the thermal design of building engineering. 
The first part of the paper presents a method for calculating the absorbed solar 
energy by the absorber and the transparent covers in the system. The results of 
the calculation for two illustrative examples are given. The second part of the 
paper gives an analysis of the radiation heat loss by the absorber in the system 
consisting of an absorber with such a cover that has a significant transmittance 
in the infrared thermal radiation region. The formula obtained for the calcula- 


tion of radiation heat loss is easy to use. The physical meaning of the formula 
is also obvious. 
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TEXT OF ENGLISH ABSTRACT: In this paper, the factors affecting the f value are 
analyzed first, then the three methods (f chart, d chart and $-f chart method) 
for the determination of the f value are described, and the special features of 
each are pointed out. Finally, based on the calculated results of practical 
examples, a comparison of these three methods is made, The author prefers the 
@-f chart method, and recommends a correctin factor for the calculated value, 
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No 1, 1981 pp 69-74 


(EXT OF ENGLISH ABSTRACT: A brief description of development of CuyS/CdS thin film 
solar cells prepared by the solution spraying method is presented. A review is 
given on the potential use of Cu9S/CdS-sprayed thin film solar cells for large- 
scale terrestrial applications. Cu 2S/Cd)-y ZnyS thin film solar cells have also 
been prepared by the solution spraying method, and it is expected that the con- 
version efficiency could reach about 15 percent. In addition, cells fabricated 

by the solution spraying method have the advantages of low cost and facility in 
fabricating. Therefore, it can be expected that CugS/Cd)-, ZnyS thin film solar 
cells can meet low costs in industrial production, 
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TEXT OF ENGLISH ABSTRACT: This paper presents an experimental method for the 
determination of the main parts of series resistance of the solar cell (contact 
resistance of grid lines and thin layer resistance of diffiised layer), This 
paper contains the principles of the method, the experimental results of the 
Silicon solar cell and comparison with other methods for the same purpose. 
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TEXT OF ENGLISH ABSTRACT: A simple SPV method of fast reading minority carrier 
diffusion length by taking measurements at two wave lengths was suggested and the 
results agree reasonably well with those given by the routine method. A small spot 
probe was developed for minimizing the bypass capacity and can be used for point- 
Lo-point measurements on any cross section of an ingot. According to the ex- 
periments, growing a Si0 9 thin film by the anodic oxidation method has the advan- 
tage of enhancing the signal, while the enhancement is rather stable. The dif- 
fusion Lengths of single crystals with different resistivities were measured. 

‘he sectional profiles of diffusion lengths and their variation with heat treatment 
were tested for -wo samples. The diffusion lengths in the base of solar cells 
were testec as well. 
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(EXT OF ENGLISH ABSIRACTs This paper analyzes the optimal absorber plate struc- 
ture trom the heat transter point of view. ihe performance tests of such an 
ibsorber have been accomplished, and they how that the flat “pipe absorber plate 
coLiector has higher flat “plat e collector efficiency, and prove the results at- 
faineo in heat transter analysis. The overali loss coefficients and heat capac- 
ities of single or double glass cover fiat =-plate collectors with flat-pipe absorber 
plates have been measurec,. The collector efficiency has been calculated by means 
of measured values U;, F', @, &. 
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